INTRODUCTION
Common Agricultural Policy (CAP) reform will impact significantly on the management of upland areas and associated wildlife and socio-economic interests. This paper draws on work within a field and modelling study that models a wide range of management scenarios for four contrasting field sites. To pilot this approach, one of the grazing field sites (ADAS Redesdale in Northumberland) was used as a starting template with five scenarios. This paper summarises the approach, which integrates theoretical models with field studies, to investigate management changes.
METHODS
Five management scenarios modelled were selected to be deliberately extreme in relation to evolving policy and land manager strategies: vegetation change is driven by plant competition, spatial distribution, growth and management (Gardner 2002) . Field data characterising the plant communities present, distribution, composition, growth phases and management, are used as input data. The bird models were derived from field data collected from 85 2-km 2 plots in southern Scotland (Pearce-Higgins and Grant 2006). Generalised linear models were used to identify variables that significantly affect the abundance of bird species, and incorporated both site and management effects, and variables describing vegetation composition and structure. These analyses indicate the relationships between bird abundance and specific vegetation variables, but provide preliminary birdhabitat models only. The five grazing scenarios were simulated within the vegetation dynamics model and outputs were used in the bird (red grouse, meadow pipit and curlew) abundance models.
RESULTS

Vegetation modelling predicted a small increase in
Calluna (2-3%) cover across the moor under each scenario, except maximising sheep production, where Calluna cover remained static. Molinia was also predicted to increase by 10-15%, although this was least under the summer-only minimise sheep scenario. Fine-leaved grasses and sedges were predicted to decline under each scenario, with the smallest decline occurring under the summer-only scenarios. Calluna cover within specific plant communities was larger.
Bird modelling found that meadow pipit numbers were predicted to decline for all scenarios, potentially reflecting changes in the balance of Calluna to fine-leaved grasses and the declines in sedge cover. Pipits faired best under the summer grazing scenario with cattle. Red grouse increased under all scenarios, except that of maximising sheep production, due to the predicted increase in Calluna. Curlew was also predicted to increase in each case, presumably related to the predicted increase in Juncus effusus cover for all scenarios.
Economic modelling predicted an annual financial turnover of £37,603, £53,508, £9647, £19,987 and zero for the five scenarios, respectively. The first four scenarios included CAP area payments of £7878 and the second and fourth have payments of £8000 from the HLS. Using standard figures for labour requirements per livestock head and the number of stock involved, estimates of farm labour requirements were made of 0.37, 0.54, 0.02, 0.14 and zero labour units/year, respectively, to manage the stock on the hill. Whilst, in practice, labour is likely to be underestimated for low stock number scenarios, they illustrate predictions of large differences in the labour.
DISCUSSION AND CONCLUSIONS
There must be caution in interpretation. Without, as yet, a plant structural component, the impacts on bird numbers are illustrative only. For the socioeconomics, modelling a 200-ha moorland linked to a larger hypothetical farm has many assumptions. Nevertheless, the predictions indicate the trends in labour required for stock work.
The study illustrates how, by linking field data to theoretical models, changes in management practice, arising from external economic or policy decisions, may be analysed in relation to their direct and indirect effects on economy, employment and biodiversity. This exercise has proved useful in developing a more robust modelling approach for a fuller set of management scenarios. The results illustrate the dramatic and divergent impacts that different management scenarios are likely to have on livestock numbers, labour demand and on economic outcomes.
